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Monday, February 27, 2012 271aspectroscopic studies suggested that the modulation of enzymatic properties is
mainly due to localized distortion in lysozymes induced by photochromism.
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Membrane protein reconstitution denotes the transfer of a purified (but usually
inactive) membrane protein from detergent micelles into lipid bilayers. The aim
is to restore the native protein fold and function in a well-defined membrane
environment. The reconstitution yield critically depends on a wide range of pa-
rameters, including temperature, pH, ionic strength, as well as the type and con-
centration of detergent, lipid, protein, and additives. Moreover, it is of
paramount importance to initiate the reconstitution process from a suitable
lipid-to-detergent ratio. Unfortunately, however, assessing the success of a re-
constitution experiment has thus far been limited to a trial-and-error approach,
which has substantially slowed progress in the field.
To address this problem, we have established high-sensitivity isothermal titra-
tion calorimetry (ITC) as a powerful tool for monitoring the reconstitution of
membrane proteins into lipid vesicles. Using ITC, the complex changes in
the physical state of a protein/lipid/detergent mixture during reconstitution
can be followed in a non-invasive and fully automated manner. Here we exem-
plify this approach for the prokaryotic potassium channel KcsA, which we first
purified in detergent micelles and then reconstituted into stable proteolipo-
somes at very high protein densities. Electrophysiological experiments per-
formed in planar lipid membranes confirmed that KcsA regained its
functional activity upon reconstitution.
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Prochlorococcus marinus, a prevalent marine cyanobacterium, can use sunlight
and atmospheric CO2 to convert fatty-acid like precursors into alkane biofuels.
Schirmer et al. (Science, 2010) showed that alkane production in cyanobacteria
entails a two-enzyme process in which the acyl-CoA moiety is reduced to an
aldehyde followed by decarbonylation to an alkane. The structure of the alde-
hyde decarbonylase has been determined by the Joint Center for Structural Ge-
nomics (PDB ID 2oc5). Here, we have identified the bound
metals at the catalytic site as Fe and, based on the results of
crystallographic refinement, have assigned a previously
unidentified ligand as an octadecanoic acid. The metal
identity was determined from X-ray fluorescence and
anomalous difference Fourier maps. The oxygen atoms of
the octadecanoic acid are within coordination distance of
the Fe atoms and the hydrocarbon tail extends into the in-
terior of the protein. Previous studies showed the enzyme
can use octadecanal as a substrate, but the structure raises
the question if it can directly catalyze alkane formation
from octadecanoic acid *Supported by NIGMS PSI grants
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Calcium/calmodulin-dependent protein kinase II (CaMKII) is a multimeric Ser/
Thr protein kinase that orchestrates global changes in cell function via the reg-
ulation of multiple substrates. CaMKII is a dodecameric holoenzyme composed
of 12 subunits that each consists of catalytic and regulatory domains that are
tethered together via an association domain. The multimeric nature of CaMKII
allows an intraholenzyme, intersubunit autophosphorylation reaction that is im-
portant for regulating this kinase’s sensitivity to calcium-CaM. However, an-
other possible function of this kinase’s multimeric structure could be toincrease the concentration of catalytic subunits to a localized environment.
To address structural mechanisms underlying substrate selection, we tested sol-
uble and immobilized substrates for differences between CaMKII and a mono-
meric form of CaMKII (1-316). Both kinases retain their dependence on
calcium-CaM for activity and possess very little differences in their phosphor-
ylation of high and low affinity substrates in solution (~5 mM and ~50 mM, re-
spectively). Using diffusion-restricted substrates (i.e. peptide substrates
immobilized synthesized on cellulose membranes), we observed that mono-
meric CaMKII displayed levels of phosphorylation that were proportional to
the relative Km values observed in solution. Surprisingly, multimeric CaMKII
displayed increased phosphorylation on substrates with a higher Km (i.e. lower
affinity) and a lower level of phosphorylation on high affinity substrates (low
Km). These data suggest that CaMKII diffusion-restricted substrates in specific
subcellular compartments, like the post-synaptic density, may be regulated as
a complex, rather than simply as individual substrates selected by their specific
Km values. Thus, in addition to supporting intraholoenzyme autophosphoryla-
tion reactions, the unique multimeric architecture of the CaMKII holoenzyme
may permit this multifunctional enzyme to regulate complex assemblies of sub-
strates through dual mechanisms of restricting high affinity substrates and en-
hancing the phosphorylation of low affinity substrates.
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Protein kinases play a critical role in the signaling pathways the regulation of
nearly all biological processes. The activity of protein kinases is strictly regu-
lated by a number of factors and one of these is the availability of divalent
metals which are essential to the reaction. The activity of many protein kinases
has been shown to be sensitive to [Mg2þ], with a variety of different kinetic
mechanisms proposed to explain this dependence. In this work we dissect the
multiple roles that the two essential Magnesium ions play in the catalytic mech-
anism of CDK2. In combination with our previous work on the transition state
mimic of CDK2, we now present a crystal structure of ADP bound to pCDK2/
Cyclin featuring two Mg2þ ions, molecular dynamics calculations at several
stages of the catalytic cycle, and extensive steady state kinetics to highlight dif-
ferent features of the kinetic mechanism as a function of [Mg2þ]. We find that
the binding of the second Mg2þ to the active site is essential to the progression
of catalysis, and that this metal promotes stability of the ATP*Mg substrate as
well as the transition state of the reaction. At the same time, the occupancy of
the second Mg2þ site also stabilizes the ADP*Mg product following catalysis
and thus also partially inhibits further rounds of catalysis. We have constructed
a mathematical model of the reaction kinetics as a function of [ATP*Mg] and
[Mg]. We propose that the form of this model may be of general application to
protein kinases, and that the varied responses of different protein kinases to
[Mg2þ] can be represented in by altered values of the model parameters.
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The efficient conversion of biomass to biofuels such as ethanol would meet
a large portion of energy requirements in the near future. A crucial step in
this process is the enzyme-catalyzed hydrolysis of cellulose to glucose that is
then converted into fuel by fermentation. The hydrolysis is complex - it entails
the cooperative (synergistic) action of multiple enzymes known collectively as
cellulases: endoglucanase, exoglucanase and beta-glucosidase on both insolu-
ble and soluble substrates. In contrast to homogeneous solution-phase catalysis,
the overall efficiency of this heterogeneous catalysis process depends on factors
in addition to the catalytic rates of the cellulases, including: cellulase absorp-
tion, desorption and diffusion rates on the insoluble cellulose substrate,
endoglucanase-catalyzed conversion of cellulose from its crystalline to amor-
phous forms, and the processivity of exoglucanase-catalyzed hydrolysis of in-
dividual cellulose strands. To date, due in large part to limitations of the
analysis methods used for its study, this heterogeneous reaction is poorly under-
stood. Here we use single-molecule imaging to directly elucidate molecular-
level details of cellulase activity that cannot be readily inferred from ensemble
averages reported by conventional, bulk analyses.
In our research, the activities of exo- and endoglucanases on cellulose micro-
fibrils are investigated at the single-molecule level. Total internal reflection
